It was shown by MacLeod and his co-workers that among bacteria only the true marine forms have a specific sodium requirement. These all require this ion in concentrations of the order of a few tenths of 1 yo. The non-marine bacteria studied by MacLeod were distinguished from marine forms by their lack of any requirement for sodium (MacLeod, Onofrey & Norris, 1954; MacLeod & Onofrey, 1956) . In view of these facts, the following observation, which I made in the course of studying the amino acid nutrition of Rhodopseudomonas spheroides, seemed significant. This bacterium can grow very well in media of ordinary ionic strength and thus is not obviously marine.
I observed that it did not grow in a medium in which an artificial mixture of amino acids had replaced an acid hydrolysate of casein. Since almost 40 yo of the hydrolysate used was sodium chloride, I added a little NaCl to the medium containing the artificial mixture of amino acids. I then found that the growth was as rapid as in the medium made with casein hydrolysate. It was easily shown that a very much simpler mixture of amino acids permitted rapid growth in the presence of as little as 1OOpg. NaCl/ml. This requirement for a low concentration of sodium seemed to set this organism apart both from marine and from terrestrial bacteria and thus to merit a more detailed analysis, the first results of which are reported here.
METHODS

Chemicals.
All chemicals used were of reagent or analytical grade. The succinic acid was recrystallized from water.
Media. The media used were all modifications of one originally devised by Dr S. H. Hutner and which has already been described (Cohen-Bazire, Sistrom & Stanier, 1957) . The formulation and composition of the various modifications are set out in Tables 1 and 2 .
General experimental procedures. Most of the experiments were performed with a green mutant (strain 2.4.1-Ga) of Rhodopseudomonas spheroides (Griffiths & Stanier, 1956) . All the strains used were obtained from Dr R. Y .
Stanier. The cultures were maintained and inocula prepared by photosynthetic growth on medium A.
Two experimental procedures were used in determining growth requirements. In the first, cultures were grown in rectangular growth flasks, 40 mm. widex150mm. high and 15mm. thick (in the direction of the light path). The flasks were fitted with aeration and sampling tubes. The cultures were aerated with appropriate gas mixtures throughout the experiment. 7 The percentages given are for the free acid. 3 Solution effected by the addition of a few drops of concentrated ammonium hydroxide;
or, in medium C, the equivalent weights of the free amino acids were added to the complete medium. In the second procedure 15 ml. medium, previously inoculated, were placed in 16 x 150 mm. test tubes containing the supplements called for by the experiment. From time to time 2.5 ml. samples were removed for optical density measurements. The growth rates were calculated from the optical densities of three or four samples from each tube. This method is clearly not so precise and reproducible as the first, but it is adequate to detect large differences in growth rates. It was used when many different mixtures of salts in various concentrations were called for.
In both procedures the cultures were incubated at 84' in water baths provided with glass windows. A standard light intensity of 600 foot-candles 49-2 measured at the entrance window, was used. The light source was a bank of incandescent lamps. Bacterial mass was estimated from the optical density at 680 mp. With the photometric equipment used an optical density of 0.1 unit corresponded to a cell mass equivalent to c. 75 pg. dry weight/ml. The specific growth rate constant, p, was calculated from the mass doubling time, tD, by use of the formula p = In z/&, and is expressed in reciprocal hours.
RESULTS
The sodium requirement Medium A did not support the growth of Rhodopseudornonas spheroides unless sodium chloride was added; this is shown clearly in Fig. 1 . It can be seen that the addition of as little as 5 pg. Na+/ml. (added as chloride) produced a dramatic increase in the growth rate; and that with 40 pg. Na+/ml. the growth rate was almost maximal in this medium. It should be noted that medium A, without added sodium, supports rapid and abundant growth of Escherichia coli and Pseudomolzas fluorescens ; and after supplementation with cystine (see Hutner, 1944) it supports the growth also of Rhodospirillum wbrum. However, I found that two other strains of R. spheroides (2.4.7, and 2.4. l from which the mutant Ga was derived) and one strain of R. palustris (2.1.11) did require sodium for growth in medium A.
A comparison of the effect of sodium sulphate and of sodium nitrate with that of sodium chloride substantiated the conclusion that the response illustrated in Fig. 1 was due to sodium ion. This is shown by curves 1-3 of Fig. 2 . The results of the second experiment shown in Fig. 2 (curves 4-6) show that the response was specific for sodium : neither lithium, rubidium, nor caesium had any effect.
Sodium is required for aerobic growth of Rhodopseudomonas spheroides also. Under aerobic conditions the specific growth rate constant in medium B with 5pg. Na+/ml. was approximately 0.1 hr.-1; without added sodium it was 0.04 hr.-l. A detailed analysis of the sodium requirement under aerobic conditions has not been carried out.
The potassium requirement
The results of an experiment on the effect of the addition of K+, Rb+, Li+, or Cs+ to a medium containing Na+ (50 pg./ml.) are shown in Table 3 . It can be seen that, as was of course expected, K+ is required for normal growth. The growth which occurred in absence of K+ (line 1, Table 3 ) was shown in other experiments to be arithmetic rather than exponential ; therefore, a specific growth rate constant cannot be calculated. Escherichia coli grows arithmetically in the absence of K+ (Roberts et al. 1957) . It can also be seen from Table 3 that the potassium requirement was met completely by rubidium, a t least for three or four generations. I do not know whether a culture can be maintained indefinitely with rubidium replacing potassium. Neither caesium or lithium replaced potassium. These results are similar to those of (as CsCl). At the time indicated by the arrow, NaCl was added to flasks 41-6 to give a final Na+ concentration of 100 pg./ml. 
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Sodium-potassium interaction
Antagonisms between sodium and potassium ions have been shown to occur in bacteria (MacLeod & Onofrey, 1956 ). After it had been found that Rhodopsezldomonas spheroides requires both sodium and potassium for growth, it seemed worthwhile to examine the effect of various concentrations of each of these ions on the requirement for the other. Data from a series of experiments showed (Table 4), first that sodium ion, even a t high concentrations, did not inhibit the growth of R. qheroides. This was true regardless of the ratio of the concentrations of sodium to potassium ion. Secondly, potassium slightly inhibited growth when the ratio of K+ to Na+ exceeded 5. The degree of inhibition was more or less independent of the absolute concentrations of the ions. Finally, the results of these experiments showed that the optimum concentrations of the ions were approximately 50 ,ug./ml. for Na+ and 5 pg./ml. for K+.
The response to very low concentrations of sodium was studied in more detail in a separate experiment (Fig. 3) . Extrapolation of the curve to ,u = 0 Table 4 indicates a contamination of the medium to the extent of about 1 pg. Na+/ml. The minimum contamination calculated from the manufacturers' analyses of the reagents used is about 0.243 pg. Na+/ml. Thus it seems very likely that in the complete absence of sodium the growth rate would be nil. Ammonium ion has been shown to antagonize potassium (MacLeod & Snell, 1948) . The results of a series of experiments analogous to those just described indicated that sodium was required for normal growth even in the absence of ammonium ion. High concentrations of ammonium ion were inhibitory, to more or less the same extent as potassium. The first experimental procedure was used. Medium B (100 ml.) with 50pg. K+/ml. was inoculated with a suspension of twice-washed organisms to an optical density equiv. c. 12 pg. dry weight/ml. Twenty ml. portions were added to test tubes containing the required amounts of NaCI.
Morphological changes induced by growth in low concentrations of sodium
Since Rhodopseudomonas spheroides has a very variable morphology, especially under adverse conditions (van Niel, 1944) , it seemed likely that organisms growing in suboptimal sodium concentrations would be morphologically abnormal. Examination of smears stained with crystal violet and wet mounts bore out this expectation; many filamentous forms were seen in media with low concentrations of Na+. The filamentous forms reached a maximum length (in medium B with 5 pg. Na+/ml.) after a four-to five-fold increase in optical density; the increase in length was more or less proportional to the increase in optical density and presumably also to protoplasmic growth. The filaments were seen also in a medium with 2.5 pg. Na+/ml. The morphology of organisms in a medium with 7-5 pg. Na+/ml. was almost normal and with 10 pg. Na+/ml. it was entirely so. This morphological change is reminiscent of that observed by Webb (1948, 1949) in Clostridium welchii during growth in a medium deficient in magnesium; Pappenheimer & Shaskan (1944) mentioned that this organism became filamentous in an iron-deficient medium.
